Leukemia inhibitory factor (LIF) is a cytokine that shows conflicting effects on in vitro produced (IVP) bovine embryos. Bovine LIF (bLIF) has been cloned and used in culture, but there is no commercially available bLIF. Thus, researchers use human LIF (hLIF) to supplement the culture medium for bovine embryos because of its greater sequence homology compared to murine LIF (mLIF). We compared the effects of mLIF and hLIF on the development of bovine embryos in culture with the effects described for bLIF. Oocytes were matured and fertilized in vitro and cultured in modified synthetic oviduct fluid with BSA. On Day 6 postinsemination, morulae were cultured for 48 h in the presence of: (1) mLIF, 100 ng ml À1 ; (2) hLIF, 100 ng ml À1 ; or (3) no LIF. Reduced blastocyst rates were observed on Day 8 for hLIF at the middle and expanded stages, while mLIF had no effect. In contrast, Day 8 blastocysts showed decreased cell counts both in terms of inner cell mass (ICM) and ICM/total cell proportions in the presence of mLIF, while hLIF had no effect. No changes were seen in trophectoderm (TE) and total cell counts. The increased hatching rates and TE cell counts previously described for bLIF, together with the disparate effects exhibited by hLIF and mLIF during blastocyst formation indicate these compounds are inappropriate to replace bLIF. We recommend that heterospecific LIF should not be used to supplement the culture medium for bovine embryo or embryonic stem cells.
Introduction
Leukemia inhibitory factor (LIF) is a cytokine that is considered essential for blastocyst implantation and pregnancy maintenance [1, 2] . Binding of LIF to its receptor (LIFr) forms a high affinity complex in association with the gpl30 subunit. This dimerization activates multiple signals involving cytoplasm proteins, such as those of the Jak-Stat and Shp2-Erk pathways [3] . In vitro produced (IVP) bovine embryos express LIFr and gpl30 transcripts in all stages of preimplantation development. On the contrary, in vivo embryos do not express LIFr during blastulation, although gpl30 transcripts can be detected from the morula to the hatched blastocyst stage [4] . In vitro produced embryos express the LIF ligand at every stage analyzed [5] . During the whole culture period, concentrations of recombinant 100 ng ml À1 bovine LIF (bLIF) or lower have been shown to improve bovine embryonic development [6] . These effects of bLIF are observed during the second half of the culture period [7] . Despite these findings, most studies assessing the effects of LIF in bovine embryo cultures have used human LIF (hLIF), since there is no commercially available bLIF. The rationale for this is that the human cytokine shares greater sequence homology with bLIF than mouse LIF (mLIF) (89.1 and 76.8%, respectively). However, the use of hLIF has yielded controversial results as compared to bLIF, and mLIF has not been used for this purpose. When added from the morula stage, hLIF has been reported to have no effect on subsequent development [8, 9] . During the course of blastocyst formation, hLIF has been found to stimulate expansion and hatching [8, 10] , but other authors report no comparable effect [11] . It has also been described that the number of cells in the inner cell mass (ICM) and total cell numbers increase in the presence of hLIF, although this led to no improvement in pregnancy and survival rates to cryopreservation [8, 9] . Recently, hLIF has been reported to have adverse effects on embryonic development kinetics, morphology, cell counts and expression of Oct4 and laminin, having no apparent influence on the subsequent formation of outgrowths [12] . In the present study, we examined the ability of mLIF and hLIF to mimic the effects described for bLIF during bovine blastocyst development.
Material and methods
All chemicals were purchased from Sigma (Madrid, Spain) unless otherwise indicated.
Oocyte recovery
Slaughterhouse cow ovaries were placed in NaCl solution (9 mg ml À1 ) containing antibiotics (penicillin, 100 IU ml À1 and streptomycin sulphate, 100 mg ml À1 ) and maintained at 30-35 8C until recovery of COCs. Ovaries were washed twice in distilled water and once in freshly prepared saline. COCs were aspirated from 2 to 8 mm visible follicles through an 18-gauge needle connected to a syringe and recovered into a 50 ml Corning tube. Follicular fluid and COCs were placed in an ovum concentrator (Em-Con, Comextrade, Tarragona, Spain) and rinsed three times in holding medium (HM) consisting of TCM199 (Invitrogen, Barcelona, Spain), 25 mM Hepes and BSA 0.4 g l À1 , supplemented with 2 IU ml À1 of heparin.
In vitro maturation
Only oocytes enclosed in a compact cumulus with an evenly granulated cytoplasm were selected for maturation. The COCs were washed three times in HM and twice in maturation medium, which consisted of bicarbonate-buffered TCM199, FSHp (1 mg ml
) and 10% fetal calf serum. Maturation was performed by culturing approximately 50 COCs in 500 ml of maturation medium in four-well dishes at 39 8C in 5% CO 2 in air with high humidity for 22-24 h.
In vitro fertilization
Sperm separation was carried out by the swim-up procedure [13] . Briefly, semen from one frozen straw corresponding to a single bull was thawed in a water bath and added to a polystyrene tube containing 1 ml of pre-equilibrated Sperm-TALP. After 1 h of incubation, approximately 700 ml of the upper layer of supernatant containing the motile sperm was removed. The sperm was centrifuged for 7 min at 200 Â g and the supernatant aspirated to leave a pellet of approximately 100 ml in volume. The sperm concentration was determined with a hemocytometer. The COCs were washed twice in holding medium and placed in fourwell culture dishes containing pre-equilibrated fertilization medium (Fert-TALP) with heparin (10 mg ml À1 , Calbiochem, La Jolla, CA). Spermatozoa were then added at a concentration of 2 Â 10 6 cells ml À1 in 500 ml of medium per well containing 100 COCs for maximum. In vitro fertilization (IVF) was accomplished by incubating oocytes and sperm cells together for 18-20 h at 39 8C in 5% CO 2 with high humidity.
In vitro embryo culture
The cumulus cells were detached using a vortex, and zygotes cultured in synthetic oviduct fluid containing amino-acids, citrate and myo-inositol, as described by Ref. [13] , modified with 6 g l À1 BSA and no serum (mSOF). Droplets of medium were layered under mineral oil and cultured at 39 8C in 5% CO 2 , 5% O 2 humidified air until 139 h post-insemination (Day 6). The medium was renewed on Day 3. On Day 6, morulae (with no more than 9% showing incipient cavitation) were allocated to the experimental groups and cultured for 2 days in mSOF. Treatments were as follows: (1) recombinant mLIF (L5158); (2) recombinant hLIF (L5283); (3) no LIF (negative control). The concentration of LIF used was 100 ng ml À1 as described in recent studies using hLIF [8, 12] .
Embryonic development was recorded as the stages early, middle, expanded or hatched blastocyst.
Differential cell counts
Day 8 expanded and hatched blastocysts were fixed and stained for differential cell counting [14] . Blastocysts were incubated in 500 ml BSA-free TCM199 Hepes (Invitrogen) with 1% Triton X-100 and 100 mg ml
À1
propidium iodide for 30 s. Samples were then fixed in 500 ml ethanol with 25 mg ml À1 bisbenzimide (Hoechst 33342) and stored overnight at 4 8C. These fixed and stained blastocysts were transferred directly to a glycerol droplet on a glass microscope slide. Cell counts were made using digital images obtained with an inverted microscope equipped with a UV excitation filter at 330-385 nm and a barrier filter at 420 nm. Trophectoderm (TE) cells were identified by their red fluorescence; ICM cells appeared blue.
Statistical analysis
The data were analyzed in two steps. First, factors showing significant influence were identified by categorical data modeling (CATMOD) using SAS Version 8.2 software (1999; SAS Institute Inc., Cary, Inc.). The factors found to have a significant effect on the dependent variables were treatment and replicate, but not the blastocyst stage at which the cell counts were performed. Secondly, these significant factors were used to produce a linear model using the general linear models procedure (GLM; SAS software). The GLM was used to estimate the least square means (LSM) for each fixed effect having a significant F value. Duncan's multiple-range test was used to compare the raw means calculated for the main effects. Development data were transformed to frequency percentages, while blastocyst cell counts were expressed as absolute values. Table 1 shows our in vitro blastocyst development rates and indicates no differences on Day 7. On Day 8, however, rates were reduced for middle and expanded stage in the presence of hLIF, while mLIF had no effect. In contrast with these findings, Day 8 blastocysts treated with mLIF showed decreased cell counts both in terms of ICM and ICM/total cell proportions, whereas hLIF had no effect (Table 2 ).
Results

Discussion
The role of hLIF in bovine embryo culture has been controversial in previous studies [8] [9] [10] [11] in which the effects of different supplements, such as serum, synthetic molecules and BSA were examined. In the present study, embryonic development was impaired by hLIF, while the number of ICM cells was reduced by mLIF, in disagreement with the effects described by Yamanaka et al. for bLIF [6, 7] . While bLIF has been described to increase TE cell counts without affecting the ICM [6, 7] , hLIF has been noted to increase [8, 9] , decrease [12] or have no effect on the ICM (present work). In addition, mLIF was found here to have no effect on the number of TE cells yet to reduce the ICM. Thus, neither hLIF nor mLIF were able to mimic the effects reported for bLIF. The detrimental effects of hLIF during embryonic development we observed are consistent with the findings of a recent report by Vejlsted et al. [12] . These disparate effects exhibited by hLIF and mLIF during blastocyst formation provide additional evidence that these compounds should not be used to replace bLIF. Indeed, this has been previously pointed out [6, 7] . In mice, reduced blastocyst development and cell numbers have been attributed to treatment with LIF antisense nucleotides [15] . These effects and the existence of LIF mRNA in the TE and low affinity LIFr (a 190 kDa transmembrane protein) mRNA in the ICM but not in the TE [16] , suggest that TE produced, endogenous LIF can bind to the ICM. In contrast, exogenous LIF does not bind to the ICM of whole mouse embryos [17] . This issue has not been addressed in cattle, but ES-like cells have been derived using hLIF [18] in the absence of exogenous LIF [19] , and the generation of cell colonies from blastomeres is not influenced by exogenous hLIF [20] . Therefore, according to the results of the present and former reports, heterospecific LIF should not be used for experiments on bovine embryos and embryonic stem cells.
